. The first client in the NMSU greenhouse now operates the nation's second largest geothermally-heated commercial greenhouse at Radium Springs, New Mexico. Currently, New Mexico has the largest acreage of geothermal greenhouses in the nation with more than 40 acres (161,900 m 2 ). This acreage is about half of the total greenhouse acreage in New Mexico and represents an estimated capital investment of more than $30 million and the direct creation of nearly 400 jobs.
So far in the 1990's, interest and growth has continued in using geothermal heat in New Mexico. Primary interest is from the agriculture sector, including greenhousing, aquaculture, crop and food processing, and milk and cheese processing. Other interest has included space heating and heated swimming pools. This data base will assist in further direct-use geothermal efforts.
PREVIOUS COMPILATIONS
The first statewide evaluation and compilation of geothermal information for New Mexico was begun in the mid 1960's and resulted in New Mexico Bureau of Mines and Mineral Resources Hydrologic Report 4, 'Catalog of Thermal Waters in New Mexico' (Summers, 1976) . Summers (1976) Circulars provided the initial estimates of resource size and quality (Muffler, 1979; . In addition, a cooperative effort between the U. S.
Department of Energy (DOE), the National Oceanic and Atmospheric
Administration (NOAA), and New Mexico State University resulted in 1:500,000 scale geothermal resource maps (Swanberg, 1980 and ). Prior to 1983, geothermal data for New Mexico were included in GEOTHERM, a USGS mainframe computer system of geothermal data bases and geothermal evaluation software (Bliss and Rapport, 1983) . The USGS discontinued GEOTHERM in 1983. More recently, a relational database system for the PC platform was developed at NMSU for geothermal information covering New Mexico (Witcher and others, 1990) . Limited data compilation and new and easier to use relational database software make the 1990 database obsolete.
DATA SOURCES
Major statewide sources of data include Summers (1976 ), Swanberg (1980 , Norman and Bernhardt (1982) . A major source of statewide information is contained in the USGS WATSTORE file. WATSTORE has two major databases, the Ground-Water Site Inventory and the Water Quality File. A 1993 commercial version of the WATSTORE Water Quality File on CD ROM was used in this study.
Additional important data for the geothermally significant Jemez Mountains (Valles Caldera) region in north central New Mexico is found in Shevenell and others (1987) .
The state geothermal resources maps and the USGS GEOTHERM file were reviewed for data and used to assist in the compilation. However, neither the maps or the GEOTHERM file are primary information sources for the type of data compiled in this study.
Additional information was compiled from published and unpublished site specific geothermal resource investigations at several locations. Other data was compiled from published ground-water studies and government open-file reports.
Finally, it should be noted that this study is not an exhaustive compilation of data for geothermal wells and springs in New Mexico. Except for a few sites at high elevations, the only data compiled was for wells and springs with measured discharge temperatures greater than 30 o C. Virtually all wells and springs found at elevations below 5,000 feet (1,524 m) elevation in New Mexico exceed 20 o C.
In addition, sites based upon bottom-hole temperature data are not included in this data base. The 1980 state geothermal map includes bottom-hole temperature data. Also, no heat-flow or temperature-gradient data is included in this compilation. These data sets require analysis and interpretation beyond the scope of this project. The Southwest Technology Development Institute at NMSU has extensive compilations of heat-flow and bottom-temperature data for New Mexico.
DATA FORMAT
Three Excel@ (Microsoft Windows@ software) spreadsheets provided a working medium for data compilation, editing, and sorting. The first spreadsheet (Appendix 1) lists the geothermal sites and provides location information.
Location data in many cases is poor quality and may be only accurate to a minute of latitude or longitude. Field experience shows that this is true of some WATSTORE data as well as of data from other sources. Field checks and determination of UTM coordinates are required to improve the locations at most sites.
The second spreadsheet lists 'complete' chemical analyses for geothermal sites in New Mexico (Appendix 2). Data in the second spreadsheet contains at a minimum a dissolved silica analysis and sufficient major cation (Na, K, Ca, Mg) and major anion (Cl, HCO3, SO4) data to check for analytical charge and mass balance (see Reed and Mariner, 1991) . Each analysis for geothermal sites in New Mexico is assigned a unique sample identification if the original data source failed to provide this information. This approach assists in duplicate record checking and provides a foundation to include these data in a relational data base and Geographic Information System (GIS) for New Mexico geothermal information in the future.
The third spreadsheet lists 'partial' chemical analyses (Appendix 3).
These data do not satisfy the criteria for the second spreadsheet. Also, the third spreadsheet has an added entry that shows sodium and potassium as a single analysis (Na+K) as is commonly reported in older citations. In general, the third spreadsheet may have lower quality data than those found in the second spreadsheet ('complete analysis'). Caution is advised in applying chemical geothermometers or in assessing potential for corrosion and scaling with the data in the third spreadsheet ('partial analysis'). The same caution applies to using data in the second spreadsheet with significant charge and mass balance errors (greater than 5 or 10 percent).
Except for the GEOTHERM and WATSTORE information, data was manually (keyboard) entered. WATSTORE data was extracted from the CD ROM data base by sequentially retrieving all analytical data for individual sites with measured temperatures greater than 30 o C and placing these data in an ASCII master file using software provided by the data vendor. A small FORTRAN program was written and used to read the ASCII master file and retrieve specific analyses and to organize these data into a tabular ASCII file that can be opened by Excel@ and placed directly into the formatted spreadsheets. GEOTHERM lists 65 chemical analysis of New Mexico thermal wells and springs (Reed and others, 1983 (Swanberg, 1980 and . A new region with low-temperature potential is Aquaculture is one possible use for the low-grade thermal waters. Recent analysis of oil-and-gas well temperature data and thermal conductivity measurement of subsurface units across the region by Reiter and Jordan (1995) suggest broad, upward cross-formational flow from depths of 3,000 to 5,000 feet temperatures and significant geothermal resource potential (Swanberg, 1980; Swanberg, 1983; Summers, 1976; Morgan and others, 1986; Reiter and others, 1975 Reiter and others, , 1978 Reiter and others, , and 1986 Decker and Smithson, 1975; Reiter and Barroll, 1990; Reiter and Minier, 1989) . Crustal thinning in the SBRP and Rio Grande rift has resulted in crustal thicknesses as thin as 26 km (Sinno and others, 1986) . Laramide structural highs (Witcher, 1987 and .
During the mid-Tertiary much of the Datil-Mogollon and Mexican Highland sections of the SBRP were covered by a blanket of predominantly volcaniclastic sediments and minor volcanic flows averaging one kilometer thickness (Cather and others, 1994) . Flows locally dominate near volcanic centers. Regionally extensive volcaniclastic blankets provide important aquitards in the region.
Locally, volcanic piles several kilometers thick occur, especially in association with silicic cauldron complexes. Many of the cauldron complexes were also the locus of intense extension (up to 100 percent) along systems of close-spaced, domino-style normal faults (Chamberlin and Osburn, 1986 ).
Large, widely-spaced normal faults largely blocked out present-day topography from 12 to 9 Ma over the SBRP and RGR in New Mexico up until 4 to 6 Ma (Seager and others, 1984) . This late Tertiary rifting continues at lower rates today and has left an en echelon series of north-trending half grabens with extension amounting to no more than 10 or 15 percent. Many of the best geothermal systems in New Mexico occur where late Tertiary horsts intersect older highly-extended cauldron complexes and vergent boundaries of Laramide uplifts (Witcher, 1988) . Late Tertiary horsts are frequently stripped of midTertiary volcaniclastic aquitards to expose underlying fractured terranes.
Convective Resources

Occurrence Models
Several models for convective geothermal resource occurrence have been proposed for the Rio Grande rift and SBRP. Chapin and others (1978) , Elston (1981) , Elston and others (1983) show that several systems occur at the intersection of highly-faulted ring-fracture zones of mid-Tertiary cauldrons, regional lineaments, and Pleistocene faults. Elston and others (1983), Jiracek and Smith (1976) , and Swanberg (1975) observe that late Tertiary fault zones apparently control other geothermal systems.
A model of forced convection through Tertiary basin-fill sediments was presented by Harder and others (1980) and Morgan and others (1981) . This model places geothermal discharges at surface hydrologic outlets and downgradient structural boundaries of late Tertiary rift basins. This model is commonly referred to as the 'constriction model.' Many systems in the Rio
Grande rift appear to occur at basin 'constrictions' and the model is commonly cited in the literature to explain the Rio Grande rift geothermal resource base and associated thermal regimes. Actually, the model poorly predicts discharges on a local scale and fails to explain the predominance of system upflow zones in fractured bedrock. In fact, vertical flow across major regional aquitards, followed by horizontal flow across major fault zones, which usually act as flow-regime boundaries, is required to explain many geothermal system locations relative to a 'constriction model.'
Another model which allows forced, free, or a combination of convective processes is proposed by Witcher (1988 
Colorado Plateau
The eastern Colorado Plateau, including the San Juan Basin and the Mogollon Slope, has generally high heat flow Reiter, 1991, and Mansure, 1983 Selected areas cover a broad range of representative geologic and hydrologic settings favorable for economic geothermal resources in New Mexico.
Areas are located in both southern and northern New Mexico. Figure 4 shows the locations of the areas to be discussed in this report.
Rincon
The Rincon geothermal system is a blind system (no surface hot springs).
However, Pleistocene opal beds (fossil siliceous hot spring (?) deposits) are interbedded at this site in ancestral Rio Grande fluvial deposits exposed in escarpments adjacent to the present-day downcut Rio Grande floodplain.
A recently drilled continuous-core ( Reservoir production rates have not been determined at the site and some infrastructure work is needed to include land leveling. The land status is Federal Bureau of Land Management (BLM). Development will require a surface use license and such a license could be the first granted by the BLM for geothermal direct-use. Potential geothermal uses at this site include greenhouses, milk and cheese processing, chile processing, refrigerated warehousing, and binary electrical power. To date, exploration has included a slim-hole continuous core hole, 4 shallow temperature gradient holes (Witcher, 1991) , a radon soil-gas survey (Witcher, 1991) , a detailed SP survey (Ross and Witcher 1992 ).
Completion of geologic mapping at 1:6,000 scale and study of the core is needed. A shallow (600 feet or 183 m maximum) production hole is required to begin geothermal development at this site. Also, re-entering the core hole with an NQ drill string (the HQ string is currently in the hole) will determine deeper production and temperatures. Preliminary feasibility studies for direct use application have been performed. Detailed feasibility, production drilling, and infrastructure work is required for geothermal utilization at Rincon.
The Rincon resource has very high priority because it provides a case study for new exploration strategies and geologic occurrence models for 'blind' Some exploration has been done in the area including electrical resistivity (Jiracek and Mahoney (1981) , heat flow studies (Sanford and others, 1979) , reconnaissance geologic mapping in the Mud Springs Mountains and hydrogeologic evaluation (Wells and Granzow, 1981) . Reported heat-flow measurements are insufficient to shed much information on the system as they are located far from the noted mineralization and probable structural control.
The resistivity surveys map areas of low resistivity and steep resistivity gradients in the area of interest.
A hotter geothermal resource located north and west of T or C has potential for space heating, district heating, geothermal greenhousing and aquaculture. A 'phase 1' exploration effort is required to identify and confirm a probable system outside of downtown T or C. This effort should be concentrated near mineralized Pleistocene sediments of the ancestral Rio Grande. Detailed mapping (1:12,000 scale) of Quaternary geology and bedrock geology at the southeastern end of the Mud Springs Mountains should be performed. A thorough hydrochemical study of the known system in downtown T or C would be useful to evaluate mixing and probable sources of the water. Radon soil-gas, soil mercury, and SP surveys may identify potential upflow zones for shallow temperature gradient evaluation. If a system is found, sufficient local support would likely be generated to pursue use in the near future. In any case, more will be learned on the nature of the known resource in T or C and how to manage the resource so that current users interests are better insured in the future.
Las Cruces East Mesa/Tortugas Mountain
One of the largest 'convective' low-temperature geothermal systems in the United States occurs east of Las Cruces and southward along I-10 and I-25 nearly to the Texas line. This system, as outlined by more than 70 shallow temperature-gradient holes, is nearly 20 miles (32 km) long and 2 to 3 miles (3.2 to 4.8 km) wide over a buried horst block (Lohse and Icerman, 1982) . Near-term geothermal utilization includes more geothermally-heated commercial greenhouses, aquaculture, and space heating of large buildings to include schools, hotels, and businesses. District residential heating is believed to be only marginally feasible due to generally mild winters. Access to the area is good and much of the resource is adjacent to the city or within the city limits.
The U. S. Bureau of Land Management has recently designated more than 40 km 2 of the area as a KGRA. This action discourages direct-use operators by adding additional time, paper work, and risk to business planning and execution.
A major attribute of this resource is co-location with one of the fastest growing medium-sized cities in the United States. In fact, the city of Las Cruces is growing in the direction of the resource at a rapid rate. Definitive integration of geothermal energy into city and public school planning is needed. Some feasibility studies were conducted in cooperation with the city and SWTDI/NMSU more than 10 years ago for existing large buildings near, but outside, the resource area (Icerman and Whittier, 1983; and CH 2 MHILL, 1984) . These studies need to be updated and applied to plans and projections of growth over Initial 'phase 1' work is needed to determine the production potential of the resource and to determine the influence that a production well will have on the long-term flow of Montezuma Hot Springs. Resource quality and degradation potential on natural spring flow rate will dictate the geothermal heating approach.
The least expensive alternatives are direct-use space heating or the use of ground water-coupled heat pumps.
The gross structural control for the Montezuma Hot Springs is a southern Rocky Mountain 'front range' structure consisting of a Laramide reverse fault and attendant fold structure that forms the vergent margin of the basement-cored Sangre De Cristo uplift (Baltz, 1972; and Bejnar and Bejnar, 1979 A successful geothermal heating system at UWC will provide a high visibility demonstration of geothermal technology in northern New Mexico. Also, if the resource base in the area is determined to be larger, significant economic benefits will accrue to this economically depressed region of New Mexico.
Radium Springs
Radium Springs is the site of the second largest geothermally-heated greenhouse in the United States at 9.5 acres (38,440 m 2 ). At the present time, construction is proceeding on two additional acres (8,000 m 2 ) and land is being (Witcher and others, 1992) . Reconnaissance exploration by SWTDI/NMSU includes geologic mapping, geochemistry, a detailed gravity profile, and one mile (1.6 km) of shallow seismic reflection survey in two profiles, and a State Legislature funded shallow exploratory well (Witcher, 1988 (Witcher, , 1990 (Witcher, , and 1991 . This well produces a 250 gpm (15.8 L/s) artesian flow of 57. The Jicarilla Apache have significant oil and gas production on the southern portion of the reservation. This area is in the eastern portion of the San Juan Basin which has abnormally high heat flow for the Colorado Plateau Reiter, 1991, and Mansure, 1983) . Heat flow is similar to the Rio (Henry and Gluck, 1981; and Taylor, 1981) .
Ft Bliss (Army), in conjunction with SWTDI/NMSU and the University of Texas at El Paso (UTEP), is currently investigating the resource potential in this area to determine if geothermal can lower energy costs for Army facilities in the region.
Hillsboro Warm Springs
Hillsboro is a small community west of Truth or Consequences in the foothills of the Black Range. Ranching, mining, and tourism provide an economic base for the area. About 3 miles (4.8 km) north of the community, a group of thermal springs occur on private land. Temperature-gradient/heat-flow studies (Files, SWTDI), geothermometry (Swanberg, 1980 and , and preliminary SP studies (Ross and Witcher, in Resources Division (USGS-WRD) shows that flowing artesian thermal wells may be developed in this area (Kues, 1989; White and Kelley, 1980; and Baldwin and Anderholm, 1992) . Because this area is also in the heart of the Grants uranium belt, potential uses of geothermal may include greenhousing and algae culture which produces crops suitable for mine reclamation and waste-water cleanup.
Small-scale space and district heating is also possible in the near-term, considering the areas local climate and concentration of rural population along the Interstate.
Faywood Hot Springs
Faywood Hot Springs has recently been sold by Phelps Dodge, a major mining company, to a private individual, opening the way for possible small-scale commercial geothermal utilization. The area is well situated with respect to highway transportation.
Lightning Dock
The Lightning Dock geothermal system is certainly a high priority area as past performance in geothermal development will attest. This area currently has the largest geothermally-heated greenhouse complex in the nation at more than 30 acres (121,000 m 2 ). Burgett Geothermal Greenhouses grow roses that are marketed throughout the Southwest and the rest of the country. From a hydrogeologic standpoint, it is unknown how current or future use will affect sustainable resource use.
